In this work we focus on magnetic relaxation in Mn
1 and theoretical investigations 2 have shown that AFMs are sensitive to spin-polarized currents and can be used as active elements in spintronic devices.
Direct observation of spintronic effects in AFMs is challenging due precisely to the same reasons that make AFMs competitive with their ferromagnetic counterparts: the magnetoresistance in AFM-based devices is low due to the absence of net magnetization in AFM, and the dynamics require very high excitation frequencies, beyond the capabilities of microwave
circuits. An alternative technique to detect the spin dynamics of AFM films was recently implemented by a number of groups. [3] [4] [5] [6] [7] This technique is based on the spin pumping effect, which is reciprocal to the spin-transfer torque effect. 8, 9 A metallic ferromagnetic layer (FM)
is excited at its resonance frequency (FMR) and pumps spin current into a neighbouring nonmagnetic layer interfaced with an antiferromagnetic film (AFM) at the other surface. The linewidth of the FMR spectrum increases due to the presence of the AFM layer and thereby provides information about the interaction of the nonequilibrium conduction-electron spins and the localized AFM moments.
The interpretation of such experiments is not quite straightforward, however, as different processes contribute to the effective damping in a multilayered sample: spin-dependent scattering at the interfaces 10 and in the bulk, energy exchange between the free and localised spins, spin-diffusion, etc. An efficient theoretical approach to this problem, based on nonequilibrium thermodynamics, was proposed in Ref. 11 for ferromagnetic (FM)/nonmagnetic (NM) bilayers, and was further generalized for FM/NM/FM systems.
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Spin-pumping from an AFM layer was recently predicted in Refs. 13 and 14.
In this paper we focus on the dissipative response, expressed via the FMR linewidth, (12) layers was set in during the deposition of the multilayers using an in-plane magnetic field of 1 kOe.
We use an X-band ELEXSYS E500 spectrometer equipped with an automatic goniometer to measure the out-of-plane and in-plane angular dependencies of the FMR spectra. The operating frequency is 9.85 GHz, the temperature is 295 K. The spectra show no signal from the Py (3) When FMR is excited, a moving magnetization in the FM pumps a spin current into the NM and AFM layers. 16 The spin current is proportional to the effective field H F , which determines the magnetic dynamics in the FM layer. The spin current can induce exchange of angular momentum between the different subsystems of the conduction and localized electrons in the NM and AFM layers. Moreover, it can stimulate additional spin pumping from the AFM layer induced by the dynamic magnetization M AF , which follows the motion of the localized AFM moments. 13, 17, 18 In addition, free conduction-electron spins in our metallic AFM can interact with the dynamic magnetization M AF and also accumulate, similar to that in the NM layer. While the spin polarization in FM is so strong that spin accumulation in it can be neglected, in the metallic AFM spin accumulation and spin polarization by the localized moments are comparable. Therefore, the transport of spins through the AFM/NM/FM system and the corresponding dissipative phenomena within the trilayer depend upon the balance between the free and localized spins within all three layers of the structure.
Treating the AFM/NM/FM as a discrete system, one can distinguish between five subsystems, shown schematically in Fig 
In the framework of linear nonequilibrium thermodynamics, spin densities s F , s N , s AF , and magnetizations m F , m AF can be treated as thermodynamic variables a j , j = 1 . . . 5.
The conjugated thermodynamic forces are calculated as the derivatives of free energy:
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X j = ∂F/∂a j (we assume that the temperature is constant). The thermodynamic forces for the free spins coincide with the spin accumulation potentials µ
N (in NM), and µ 
Thermodynamic currents J j ≡ȧ j are related to the thermodynamic forces via the Onsager coefficientsL:
where e is electron charge.
Using the Onsager reciprocity principle and the symmetry considerations, one can reduce relations (1) to the following form:
where γ is the gyromagnetic ratio and is the Plank constant. We neglect spin accumulations in the NM layer, since the spin-diffusion length in the NM layer is relatively long. We also set µ The interpretation of the coefficients in Eq. (2) is schematically shown in Fig. 1(a) . Diagonal coefficients L jj for the localized spins are related with the internal damping in the FM (damping parameter α F ) and AFM (damping parameter α AF ) layers. Diagonal coefficients L jj for the free spins are proportional to the corresponding conductances, G AF is defined by the interplay between the magnetic dynamics in the AFM and the spin flow between the FM, NM, and AFM layers, with the result that its spin orientation is defined by a non-trivial interplay of a number of factors and point essentially in any direction.
To describe the magnetic dynamics of a AFM/NM/FM trilayer one must start from the balance equations for the localized moments in the FM and AFM layers, and take into account the spin flows through the interfaces and the dissipative terms given by Eq. (2). In particular, the equation for the FM moments can be written aṡ
The first term in Eq. (3) (1) and (3) we obtain the effective dynamic equation for the FM layer:
The second term in the r.h.s. of Eq. (4) points to an increase of the effective damping due to the presence of the FM/NM interface, which leads to a corresponding increase in the FMR linewidth ∆. In addition, the last term in Eq. (4) predicts a field-like contribution to the FM dynamics, which results exclusively from the spin pumping by the AFM layer, as the direct exchange between the FM and AFM is fully suppressed by the Cu spacer. This field, ∝ H AF × m F , can contribute to the value of the resonant field H r , and the contribution can be estimated as follows. The typical AFMR frequencies are much larger than the FMR frequency of the FM layer, so the dynamics of the AFM is driven solely by the FM, and 
